The building objects show a wide variety. Among them, we can distinguish buildings and various building constructions. In addition to the fact that they are of various sizes, they perform different functions, while their purpose and use generates various problems, they can be made using various materials, different technologies and construction solutions. Therefore, the decision on which solutions to apply may be difficult to make. In this situation, it is good to develop several alternative solutions for their comprehensive comparison. In addition, the existing regulations that originate in the EU directives, in many cases impose the obligation to develop several variants of future investments and analyze them taking into account many factors. In the EU recommendations, the analysis related to the impact of construction investments on the environment is of highest importance. The ISO 14040-1404X regulations created and introduced by the European Union are the most important tool for a global assessment of the environmental impact of a product, facility and service. They relate to the environmental impact assessment of the entire Life Cycle Assessment (LCA), and their assumption is to identify and minimize any environmental impacts that may arise from the production, use and disposal of the product. Research should include specific stages according to the LCA evaluation system: determination of the purpose and scope of the assessment, inventory of input and output data and the impact assessment. The following research methods were used: source materials analysis, library query, advanced data collection methods through online surveys, LCA assessment, multicriterial methods. The research conducted by the author showed that the analysis involving selected problems related to the object-environment interaction is dominant. However, in practice it is difficult to find the analyses covering the entire lifecycle of an object in accordance with the LCA procedure and examples of comparison of specific design solutions within the variant assessment procedure taking into account the LCA procedure. The aim of the article is to show how such procedure can look while comparing the exemplary variants of a construction project. The article presents an example and diagrams of conduct covering the whole life cycle of an object, and the analysis is based on specific examples.
INTRODUCTION
The construction industry is among these branches of economy that have the heaviest impact on the environment. According to the European Commission, it consumes about 42% of the energy and emits 35% of greenhouse gases in the whole European Union. The consumption of building materials corresponds to over 50% of the total production in Europe, and concrete production globally uses up 20 billion tons of aggregates, 1.5 billion tons of cement and 800 billion tons of water. Beside the consumption of natural resources at the stage of their construction, buildings generate numerous loads to the environment during their useful life. Another important question is what happens to a building which is withdrawn from use. Thus, a building should be analyzed in the perspective of its complete life cycle: from the production of materials, construction work and useful life, to its demolition and recycling of the demolition waste. Experts distinguish two basic guidelines that enable us to relieve the environmental load: passing through the phases in a life cycle so as to minimize the absorbed resources, and minimizing consumption of resources and emission of pollutants at every stage of the building's life [1, 2] .
As the environmental conservation is a priority goal, new concepts of proecological behavior are being developed. These include green technologies. In the construction industry, green technologies mostly indicate effective management of energy and natural resources, from the manufacturing of materials and implementing energy-saving technologies, to the design solutions and technologies used during the construction work and, subsequently, during the useful life of a construction. Another important issue is how the demolition waste will be recovered and recycled. These actions should be viewed from the perspective of the entire life cycle of a building [5, 7] .
Concept of a life cycle of a building, (concept of LCA)
In line with the EU directives, the life cycle of a building encompasses all phases of the existence of a delivered building commodity, service or job, especially: research, design, testing, production, transport, use, repairs, modernisation, refurbishment, and maintenance during the whole period of useful life, depreciation, demolition, and removal. The idea of a life cycle is fundamental to broader analyses that include the actions 'from concept to demolition', and serves as a base for a complex assessment of any building enterprise [7, 8] . The structure of a life cycle is illustrated in Figure 1 .
The complex approach to the life cycle of a building has given rise to various concepts of how to assess buildings. These include the Ecological (Environmental) Assessment of the Life Cycle -LCA (Life Cycle Assessment). This approach is defined as 'the aggregation and evaluation of input and output data, and environmental influences of the system of a given product during its life cycle.' Inputs are quantitative and the qualitative data concerning resources as well as the energy consumed to carry out the analysed process. The outcomes of this process, i.e., both desired products and services, and emissions and waste, are the outputs of a process [3, 8] . The product system is perceived as a set of unit processes, i.e. its smallest components, interconnected by sharing materials and energy supply. Every system has boundaries, which are set up by the system's designer, and an assessment can include different production processes or particular stages in a technological line. Hence, evaluation is composed of the following stages: identification of an assessment's goal and scope, analysis of a set of input data, assessment of the influences on the environment, and final interpretation. Figure 2 shows a schematic presentation of this process.
Factors in an assessment of proecological solutions (green technology)
An analysis which captures the whole life cycle of a building generates a series of factors, which can undergo subsequent evaluation [4, 5] . They can be described and classified according to the division into the basic life cycle stages, enabling to distinguish certain processes, e.g. preparation of building materials, construction of a building, using the finished building, demolition. The observations made during this study enabled the author to identify a number of factors which affect the ultimate outcome of an assessment. A list of the most important indicators which occur in LCA assessments is presented below [5] .
Ecological assessment of building materials and the process of their preparation
As the construction industry is the branch of economy that probably consumes the most resources and raw material worldwide, it is significant to pay attention to the proper management of materials, optimisation of the manufacture of building materials and consumption of energy due to production and transport of the building materials [3, 7] . An ecological assessment of this stage includes the following criteria:
• resourceful use of natural raw materials -protection of fossil resources, use of renewable resources, use of recycled materials; • elimination of hazardous chemical and biological contaminants -minimising the toxic emission to the environment, avoiding dangerous contamination in the event of a failure that could threaten human health or life; elimination of biological hazards during the production and use of building materials; • optimising the energy consumption during the production process, transport and processing of building materials; • saving the energy needed to heat a building by using materials which lower the energy demand of a building;
• assessment of the durability of material without it losing desired properties -long durability of materials, minimising the need for repairs; • recovery of materials and recyclability -easy to disassemble or demolish, recyclable; • minimising the amounts of waste under standard conditions -no need to set up special dumping sites, safe storage of waste.
As can be seen, several of the factors defined with respect to the manufacture of building materials are associated with the subsequent usage of these materials for constructing a building, and with their utilisation or possible recycling [3, 8] .
Assessment of a building process
The process of constructing a building is the shortest phase in its life cycle. Its assessment can be summarized in a few points:
• resourceful use of space and protection of the natural surroundings of a building site; • resourceful use of building materials;
• execution of the construction works inclusive of eco-friendly processes; • implementation of energy-saving technologies;
• minimizing the transport of materials to a construction site.
Assessment of the useful life of a building
The time when a building or a building construction is used lasts the longest and comprises many aspects. Two groups of actions can be distinguished: normal use of a building including regular maintenance, and the necessary repairs and refurbishment to preserve the building's Evaluation system for LCA, source: the author, based on [3, 6] adequate technical condition. The following factors can be listed:
• reducing the emission of wastewater, sewage and other waste, and reducing energy consumption; • using durable materials, limiting maintenance and repairs; • using pro-ecological technologies during major repairs; • using the existing buildings as long as possible, taking care of the existing buildings.
Assessment of the process of demolition, recyclability and utilisation of demolition waste
An assessment of the recyclability of demolition waste and possible problems of their recovery are often the most important contributor to an LCA evaluation. This problem has been given considerable attention in the EU regulations and directives. The most important guidelines originate from the following assessment factors:
• safe demolition of a building;
• selective collection of demolition waste, which enables their re-use; • recovery of material and its recyclabilityeasy disassembly or demolition; • safe storage of waste, minimising amounts of waste, no need to set up special dumping sites.
The above-mentioned factors, related to the stages in the life cycle of a building, illustrate the diversity of problems considered during an LCA (Life Cycle Assessment) procedure. They can serve as the criteria for evaluating the variant designs of planned buildings.
Due to their large number, only some of these criteria are actually selected for an evaluation of a single case [3, 7, 8] .
Selection of criteria, research methodology
An assessment of variants of building investments typically relies on many factors. If an analysis is to comprise the whole life cycle of a building, the number of factors is greater [10, 11] . Therefore, it is helpful to arrange the criteria into groups, i.e. the main criteria and subcriteria. A natural consequence of including all life cycle phases is to divide them [11, 12] into the following groups: 1. Factors connected with the preparation of building materials 2. Evaluation of the construction process 3. Evaluation of the useful life of a ready building 4. Evaluation of the process of demolition and recyclability of demolition waste.
The diagram presented in Figure 3 shows the hierarchy of main and subordinate criteria for an assessment of a building investment case. The factors presented in such a way enable one to apply a hierarchy analytical method and take the entire life cycle of a building into account.
The criteria identified previously can be applied in a complex assessment of any building. However, their application in further evaluations calls for the identification of their importance. On the basis of the opinions expressed by experts in a questionnaire, the most important criteria in an evaluation were determined. The importance of criteria was evaluated via a survey, where answers to a series of questions were given, e.g. 'Which element (criterion) is most important in your opinion in relation to the above problem?' The answers consisted of points assigned according to a given scale. For instance, a scale from 0 to 5 is interpreted as follows: 5 points mean the maximum satisfaction of the goal by the analysed factor, 0 -complete lack thereof. The relevant literature and other research carried out with the same method provide us with some examples [5, 8, 11, 12] .
On the basis of these examples, the author developed templates of questionnaires used in research. The examples are given in Figure 4 .
Case study of an assessment of criteria covering the whole life cycle of an objectthe author's own research
In order to illustrate the research problem and an approach to the assessment of the importance of criteria, fragments of the calculations which correspond to the specification of weights obtained from surveys before and after their processing for further calculations are shown below. The specification comprises criteria which cover the whole life cycle of a building object. Table 1 presents the specification of opinions expressed by 156 experts who evaluated the importance of eight criteria applied to an assessment of a building investment in the whole life cycle. The data collated in the table 1, show a high degree of discrepancy at some of the criteria. In this situation, a frequent solution is to resort to weights applied to groups of experts. Table 2 shows the values connected with the preparation of data for further calculations. The replies obtained from the surveys show different characteristics. It is possible to observe the criteria for which there is one dominant answer ( Fig. 5a ), or else a distinct rising tendency (Fig. 5c ). More details are presented in diagrams in Figure 5 The evaluations achieved in this way were subjected to a further procedure in order to calculate an average assessment. The last column in Table 2 shows the values of evaluations after normalisation -this is a vector of preferences showing weights of particular criteria. Their sum equals 1.
Following the criteria above, it is now possible to identify the criteria which, according to experts' opinions, are more important. The fact that the experts assigned the least importance to the criteria connected with the preparatory actions, i.e. with the first stage of the life cycle of a building, is noteworthy.
RESULTS
The example presented above adheres to the provisions of the Polish and EU law, and contains a set of criteria to evaluate variant solutions of a planned building development which encompass the whole life cycle, from the preparation of materials to the demolition of the building. The analysis of data shows that the questions concerning the materials from recycled waste (criterion 2) and reduced consumption of energy (criterion 5) were met with the dominance of a single answer. This proves the high level of concordance between experts on these matters. A high degree of agreement was also reached with respect to the criterion of using eco-friendly technologies (criterion 4). Greater discrepancy was observed with respect to the answers which followed a Gaussian curve. These are the replies to the question about using durable materials (criterion 6), safe demolition (criterion 7) and economical use of raw materials (criterion 1). Much higher discrepancy and a certain information chaos arise from the answers acquired to the question about economical space management (criterion 3) and possible recycling of the demolition materials (criterion 8). This study showed that the responses varied Figure 5 . Examples of distributions of answers in the analysed questionnaires depending on the type, functions and intended use of the analysed designs of planned buildings. Different answers were given depending whether residential buildings (housing estates) or industrial facilities were considered, and the replies given by experts enquired about planned road developments were completely unlike the previous ones.
This distribution of the replies is caused by experts somehow distancing themselves from the new group of questions connected with the durability of buildings, economical use of materials or space. The new approach is included in the regulations and EU directives, which mandate the inclusion of such criteria. They are gradually being added to the assessments of variant solutions of building development, and -with time -experts are becoming more inclined to adopt the complex approach to the pro-environmental design of variants of building investments.
The list of criteria which govern the final assessment output, presented in this article, proves their great diversity. A large number of criteria suggests that they would be difficult to compare directly. In order to apply a mathematical instrument such as e.g. a multicriterial analysis, it is necessary to order the parameters considered, and to create matrices of main criteria and subcriteria (Fig. 3) .
The proposed procedure for analysing the environmental impact of construction investments, taking into account the life cycle of the object, is presented in Figure 6 . Figure 6 . Scheme of a procedure according to the described procedure CONCLUSIONS For centuries, the economic activities carried out by the man have posed numerous threats to nature. Some of the losses suffered thus far cannot be replaced. The implementation of new technologies and the development of systems which will enable us to evaluate the impact of new buildings on nature reflect the care we take about our surroundings. This article shows how many factors decide whether the man's activity in the field of civil engineering can be friendly to the environment or not. A complex approach to the assessment of an impact on the natural environment caused by various building objects allows us to take into account all stages in the building's life cycle. The research based on experts' opinions has provided evidence that there is not a single, universal set of criteria, and an appropriate set of criteria needs to be defined in each case.
The results presented in this paper are just a fragment of a larger study, and they are limited to the specific problems arising while making an assessment of the impact on the natural environment by building objects throughout their entire life cycle.
